Experimental Section
dualbeam FIB/SEM system. XPS measurements were performed on a PHI 5700 XPS/ESCA system with a monochromatic Al Kα (1486.6 eV). All binding energies were calibrated to C1s peak at 284.6 eV of the surface adventitious carbon. UV-vis diffuse reflectance spectra were acquired by a spectrophotometer (TU-1900) and were converted from reflection to absorbance by the standard Kubelka-Munk method.
BaSO 4 was used as the reflectance standard. For the determination of the particle size distribution, 1 mg CZS: 2% La sample was dispersed in 10 mL 20% N-methyl-2-pyrrolidone (NMP) aqueous solution. The as-prepared sulution was then measured at room temperature with a scattering angle of 90 o by a Malvern Zetasizer Nano (Malvern Instruments Ltd.). The photoluminescence (PL) spectrum was obtained using an Edinburgh FLS 920 fluorescence spectrophotometer (Xe 900 lamp) at room temperature. The excitation wavelength was 390 nm.
Mott-Schottky measurement
The flat band potential (E fb ) of CZS: x% La photocatalysts were determined by Mott-Schottky method, which was carried out in a conventional three electrode cell using a PARSTAT-2273 advanced electrochemical system (Princeton Applied Research) equipped with an impedance analyzer. The as-prepared photocatacatalyst was deposited as a film on a 1 cm × 1 cm area of a 1 cm × 2 cm FTO glass as the working electrode, and the ohmic contact between the working electrode and the copper conductor was made on the non-photocatalyst coated part of FTO glass using conductive adhesives. A saturated calomel electrode (SCE) was used as the reference electrode, and Pt was used as the counter electrode. The electrolyte was 0.5 M Na 2 SO 4 aqueous solution.
Photocatalytic reactions
The photocatalytic reaction was performed in a closed gas-circulation system with a side window. The photocatalyst powders were dispersed by ultrasonication for 30 min in an aqueous solution (330 mL) containing Na 2 SO 3 (0.8 mol·L which was equipped with an AM1.5 filter and a UV-cut filter (λ>400 nm) to simulate sunlight irradiation and cut off the light in the ultraviolet region. Apparent quantum yields were tested under identical condition, except the AM1.5 filter and UV-cut filter was substituted for band-pass filter separately (λ=350 nm and λ=420 nm, half width=15 nm). The amount of produced H 2 was measured by gas chromatography (Agilent 7890) with a thermal conductivity detector (TCD) and Ar was used as the carrier gas. 
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Tables S1-S4 
Calculation details of the depletion layer depth (d dl )
According to the well known Mott-Schottky relation, the depletion layer depth (d dl ) can be can be calculated through the following equation is the vacuum permittivity, ε r denotes the dielectric constant of the material, k is the slope of the Mott-Schottky plot, E bias is the applied potential and E fb is the flat band potential.
Herein, E bias is set to be zero, because only the photoinduced open circuit potential works. All of the ε r of CZS: 0-3% La samples is set to be 5.6, 2 because the doping amount is relatively low.
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Calculation details of the apparent quantum yield (A.Q.Y.)
The energy of one photon (E photon ) with wavelength of λ inc (nm) is calculated using the following equation ) is Avogadro's constant.
